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1I. INTRODUCTION.
General surveya which are made for the purpose of accur­
ately representing by means of charts the topography and hydrography 
of areas up to several hundred square miles in extent, present many 
problems, the discussion of whioh may be of interest to the sur­
veyor likely to be engaged in such work. It is believed that a 
description of the methods used and of the manner of procedure in 
the survey of Nushagak Bay, Alaska, in 1909, by a United States 
Coast and Geodetic Survey party will be of value to the civil engin­
eer or surveyor who may encounter similar problems.
\ The Coast and Geodetic Survey is a bureau of the Depart­
ment of Commerce and Labor, and is under the direction of a Super­
intendent, himself an officer of a lifetime’s experience in the 
service. To make all surveys and obtain information from which to 
publish charts and directions to navigators on the coasts of the 
United States and her possessions is the duty of the Survey. In 
general a good chart is demanded before vessels will travel in any 
inland waters, or enter any port, hence coast surveys are the first 
requirement for the development of commerce.
Operations on the western portions of the coast of Alaska 
are carried on only between May and October. It is impossible to 
approaoh the coast earlier than the latter part of May owing to the 
ice in Bering Sea# and the closing of navigation in the fall, pre­
ceded by rough weather, makes it advisable to leave the coast by 
October 1st. This condition gives a working season of about four 
months, from June to September. The coast surveys are carried 
on from steamers, one of which carries a party to and from the
2working grounds and is headquarters for the party during the season. 
Six of these steamers.^ ranging from about seventy to five hundred 
tons gross are at present employed for independent parties in the 
survey of Alaskan waters.
The Coast and Geodetic Survey Steamer Explorer used in 
the work in Nushagak Bay is a wooden vessel of about three hundred 
and fifty tons displacement, draws ten and a half feet of water, and 
has a speed of ten knots. The vessel is staunchly built and able 
to proceed in any ordinary weather, and to undertake ocean voyages 
where she will not be obliged to steam' over two thousand miles with­
out coaling. Under ordinary working conditions the vessel is used 
to run sounding lines by day,and the eighty tons of coal carried in 
the bunkers will last about one month on the working grounds. The 
vessel is equipped to carry seven officers and thirty-six men. Five 
offic era are surveyors, while all may be called upon in case of 
necessity to aid in the survey work. Fifteen of the men are used 
in the work away from the ship, while most of the rest may be called 
upop for work aboard the ship that is'necessary in the course of the 
survey. The vessel carries five small-boats. These include a 
whaleboat, two cutters, a dinghy, and a launch. The latter is a 
very important part of the surveying equipment and will be described 
in connection with the hydrography.
A complete equipment of instruments for all the kinds of 
work done by the vessel party is carried aboard, besides the usual 
equipment of a vessel with instruments for navigation. For recon­
naissance there are binooulars and spyglasses, pocket compasses, 
prismatic compass^ reconnaissance transit weighing about four pounds 
pocket sextant, anci aneroid. For base measurement there is a
fifty meter base tape, spring balance, thermometers,and wye level.
The instruments for triangulation include two seven-inch Berger 
repeating theodolites, a ten-inch Gambey repeater, a four-inch 
Berger, and small pocket tapes. For topography there are three 
complete plane table outfits, each with two stadia rods, small 
metric scale, and dividers. The hydrographic instruments include 
three sounding machines mounted on the after deck of the ship, a 
Sigsbee steam operated sounding machine with complete equipment, 
for deep sea sounding, small-boat sounding machine, about nine 
hydrographic sextants with limb of six inch radius, three three- 
arm protractors, clocks and watches. For the astronomical work of 
this survey the seven-inch theodolite sufficed, together with 
navigating sextants, artificial horizon, and the ship’s chronometers. 
The instruments for the measurement of the magnetic e1ementsinelude 
a declinometer, dip circle, and magnetometer. The drafting equip­
ment includes steel straight edges, full meter scale, beam compasses, 
and drawing table, together with the usual equipment of a drafting 
room. The chart room of the vessel was fitted for the drafting, 
and in it were stored most of the smaller instruments and a oomplete 
supply of stationery, drawing paper, notebooks, and printed com­
putation forms for almost every kind of computation to be made.
For the computations several copies of Shortrede's and of Vega’s 
logarithm tables, sun azimuth tables, nautical almanacs, slide rule, 
text books, and appendices of annual reports containing instruc­
tions and tables, are carried.
Stores necessary to rig up any ordinary equipment are 
j provided. These include sash cord for hand sounding lines: fifty 
or more sounding leads weighing up to eighteen poundseaoh; canvas 
for boatsails, wind shields, packing cases, etc.; lumber, signal
3.
4cloth, lime, and cement,for signals; besides the usual stores 
carried by the deck and engineer's departments of all steamships, 
in quantity sufficient for a six months*1 cruise. Provisions for 
the forty-three men in the party were carried, although some of 
these were sent up by merchant vessels.
Before the date set for the departure from San Fransisco 
for the Alaska working grounds, the vessel and equipment in the 
possession of the party had been overhauled and put in good condi­
tion. Those instruments for the measurement of the magnetic ele­
ments had been standardized at a station ashore where the magnetic 
elements were known, and all stores and provisions had been brought 
aboard.
The instructions forwarded to the chief of party from 
Washington included all available useful information concerning the 
country in which the party was to work, together with written 
instructions covering the work to be done. The information trans­
mitted included copies of existing charts which contained useful 
information, reports of navigators who had had occasion to visit the 
place in question, and letters directing the chief of party to such 
persons as might be familiar with those waters. If any work had 
been done in the vicinity by the Coast and Geodetic Survey, the 
geographical positions of such stations of the previous triangula­
tion as might be profitably recovered would be supplied, with de­
scriptions of the stations, and proofs of unfinished charts previous­
ly made. The only chart of Nushagak Bay available was the 
1:930,000 scale chart of the Alaska Peninsula and Aleutian Islands. 
(8802). The portion of the chart representing Nushagak Bay was
probably compiled from Russian Surveys made a century ago and 
showed but very little d e t a i l . ____________________________________
An astronomical position had been determined by an officer 
of the United States Fisheries Service, and considerable valuable 
information on the country and the waters of that vicinity was 
published in his report. No geographic position of accuracy suffi­
cient for surveying operations was to be had, nor were there any 
surveys with which to connect.
The instructions called for a oomplete survey of Nushagak 
Bay, the triangulation to be carried down to the mouth of the Bay 
with a view to its future extension in a scheme which would be 
carried around the shores of Bristol Bay.
The long voyage from San Francisco, where the Explorer 
was engaged during the winter of 1908 and 1909, to Nushagak Bay, 
Alaska, a distance of thirty-one hundred miles, well shows the 
adaptability of a seagoing vessel to work of this kind. Upon 
arrival on the working grounds on May 23rd, arrangements for coaling 
were completed, and other general business transacted with the 
fishing interests found there, and field work was taken up in a few 
days. The anchorage ohosen for the vessel was in a deep channel 
close to the east shore just off the Clark Point canneries, where 
the ships of the packers lay. From this position, where the 
Explorer could lie with proper shelter in almost any weather, parties 
could most conveniently be sent out to all parts of the working 
grounds.
Nushagak Bay has an extreme depth of seventy feet at low 
water, and a mean daily range of tide of about nineteen and a half 
feet. From the headlands Etolin Point and Protection Point,where 
it is fifteen and a half miles wide, it extends northerly thirty- 
t.wo miles to the junction of the Wood and the Nushagak Rivers,
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6where its width is three miles. Practically one-half of the area 
included between the high water shorelines bares at low water*
Broad mud flats then extend out from the shores and the dangerous 
bars are seen, extending for miles up and down the bay. Owing to 
the great breadth of the lower part of the bay, and the slight 
elevation of the adjoining land the navigation of these waters is 
extremely difficult, as it is practically impossible to obtain 
accurate bearings or ranges when the mountains off to the northwest 
are concealed in the haze or clouds. When, moreover, the three 
knot current at times running in the upper bay, and somewhat less in 
the lower broader part, is met with, the difficulties of navigation 
are considerably increased.
7II. RECONNAISSANCE.
The reconnaissance for a base line and scheme of triangu­
lation waB taken up first. The triangulation was to conform to 
tho usual practice of the Survey in work in this locality and is tha' 
known as tertiary triangulation, for which instructions are printed 
in pages six to thirty-one, General Instructions for the Field Work 
of the Coast and Geodetio Survey, 1908. Much of the technical 
detail of the triangulation will be omitted here as the subject is 
thoroughly covered in the reference, but those matters relating 
to actual field work will be taken up.
A tentative scheme was laid out upon the chart before 
examining the country, the points being chosen with respect to the 
topography shown on the chart and desirable size and shape of 
figures, v.The points so chosen were examined by the chief of party, 
who used the launch for a running boat,and visited from one to 
three stations in a day. The narrowness of the bay above Clark 
and Coffee Points indicated that there the expansion of a base 
through a small quadrilateral could best be accomplished. The land 
surrounding the bay is a uniformly rolling tundra-covered plain, 
generally ending abruptly at the shore in a bluff which varies from 
a few feet to over two hundred feet in height. This plain extends 
inland with no appreciable variations as far as one oan see from 
the highest knolls, so that the choice of triangulation stations 
was confined to points along shore near the edge of the bluff, 
where the elevation afforded good positions. | Stations North Base 
and South Base were chosen with regard to the ease of expansion 
from the base, and this was obtained here without the introduction 
of any intermediate figures which would not further the general_____
8work of the survey* (See sketch of triangulation.) Stations 
North and South Base were about thirty-three hundred meters apart, 
separated by rolling ground with differences of elevation of about 
thirty feet in a distance of a hundred meters in several places.
In choosing a triangulation station the chief of party first 
examined the lines of sight, to those other stations which were to 
be pointed upon from it. The probable positions of the latter 
were picked out from the topographic features recognized, or with 
the aid of magnetic bearings taken from the chart, or by the signal 
left at a point if it had already been visited. A four-inch 
prismatic compass which was carried in a leather sling case was 
used for observing bearings. If the lines of sight were unobstruct 
ed or could be cleared by a little work, other considerations were 
looked into, as the value of the station for a topographio or 
hydrographic signal. For this purpose a location where some 
natural feature of the topography may indicate its position is very 
desirable. Thus the signal may best be placed upon the summit of 
a knoll some distance in from the edge of the bluff, where it will 
be brought out as the distance away increases, and where the 
natural hilltop will immediately indicate its position to the 
skilled hydrographer. As supplementing the compass bearings a 
round of angles may be taken with a sextant, including in the 
observations the main triangulation stations and important points 
of the topography,such as tangents to headlands and outs to hill­
tops, and the round closed on the initial point as a check. These 
bearings or angles and the elevation by pocket aneroid are all 
recorded in a pocket sketch book and the station may be left and 
search made for the next one in the scheme. At the close of the 
days work the bearings and angles are plotted on the chart, or on a

9sheet of paper, using an arbitrary scale. Those figures of which 
all the stations have been located can be examined in detail. By 
adjusting the errors of closure of the separate triangles the 
angles may be considered known to a small part of one degree. The 
figures are then examined for strength according to General Instruct ■ 
ions. When the reconnaissance has been completed it may be found 
necessary to relocate some of the stations, and thus change the 
shape of one or more of the figures to attain the necessary strength 
throughout the scheme.
The signal building proceeds with the reconnaissance. A 
signal building party may accompany the chief on his reconnaissance, 
while other parties may at the same time be sent to erect signals 
at those stations which have been located. It is generally found 
advantageous to use sawed lumber for building the signals in the 
main scheme. The use of all stations for hydrographic signals is 
always a factor affecting their construction, as a signal which 
might serve admirably for pointing upon with a theodolite telescope 
would obviously be unsuitable for observation from a hydrographic 
launch dancing about on a rough sea. For short lines where the 
signal need not be used from a great distance, or for signals on 
sharp mountain peaks,a braced pole signal is used. (See sketch.)
In building this signal the wire guys are the important 
thing to give strength to the signal. Number eight galvanized 
telegraph wire was used. For stations which were to be occupied 
for triangulation the standard tripod signal was used, except in 
the cases noted. (See sketch.) When building a new signal it is 
much easier to erect the signal first and then plumb down from the
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centerpole to locate the oentermarks in the ground. The center- 
poles of all triangulation stations were carefully centered over 
the permanent station marks and were made truly vertical by testing 
with a plumb line held up as a sight. For stations which are to 
be used over long lines it is important that the pyramidal portion 
of the signal be symmetrical with respect to the center. It is 
very necessary to make signals which are to show against the land 
or distant mountains white, and those which are to show against the 
sky black. A permanent subsurface mark was used for all triangula­
tion stations. In soil an empty bottle set upright about three 
feet below the surface with the neck accurately plumbed under the 
center is the usual form of subsurface mark. Concrete blocks were 
used for surface marks. These were about eight inches square and 
one or two feet deep, and were made in place, using gravel from the 
beach, the center marked by a cross inset of wooden sticks in the 
top. Three reference marks of a permanent nature were established 
at each station and measurements to them from the center mark were 
recorded in a description of the station written by the officer who 
built the station. This description also included a sketch of the 
topography immediately surrounding the station, using sketch con­
tours, and showing reference marks. The height of the apex of the 
tripod signal above the ground was recorded for use in the computa­
tions of elevations from vertical angles.
Hydrographic signals were erected at convenient distances 
apart around the shores of the bay. The work of building these 
signals was carried on for several months as the hydrography pro­
gressed and need for signals was found. Along the shore from 
Coffee Point to Snag Point, where a deep narrow channel lies close 
fn t.Tift •hftfl.r.h. smell signals were ereotftd at di stances 0** ^
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five hundred meters apart. From the mouth of the Igushik River 
to Point Protection larger signals were built at distances of one 
or two miles apart, since here the shore is bordered by broad flats 
over which the soundings were spaced much farther apart than in the 
ohannel above mentioned. As indicated, the hydrographic signals 
were of different forms,varying from a whitewashed boulder, or small 
flag, to a large tripod boarded up and whitewashed. Well placed 
hydrographic signals are an important aid to accuracy and expedience 
in the hydrographic work. Important signals were permanently 
marked. The positions of the hydrographic signals were determined 
either by theodolite cuts, or by occupation with the four-inch theod­
olite or a sextant, or by the topographer, or in case of necessity 
by sextant cuts from the hydrographic boat.
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III. TRIANGULATION - FIELD WORK.
With the reconnaissance well along and the signals in the 
first figure of the main scheme erected, the triangulation was begun 
The seven-inch Berger theodolite which was generally used was about 
the size of a large engineer's transit, and weighed about thirty- 
five pounds when packed in its case with accessories. U standards, 
three levelling screws^ inverting eye-piece, and level vial attached 
to the vernier of the vertical circle, were the principle charac­
teristics of this instrument. The horizontal limb was read to 
ten seconds, using magnifying glasses on two plain verniers. The 
vertical limb was read to thirty seconds. The four-inch theodolite, 
which weighed about twelve pounds when packed in its case, was used 
for secondary work. This instrument had the same form of con­
struction as the larger instrument, and with its light extension 
tripod, was a very convenient instrument for rough work. Both 
horizontal and vertical limb read to one minute. The instruments 
were packed in light mahogany cases, and were carried in canvas 
outer cases, with sling straps. The canvas cases were conveniently 
made aboard ship and were used for all kinds of instruments and 
tools. One of the seven-inch theodolites used was made of aluminum 
and weighed only about two-thirds as much as the ordinary type made 
of the stronger bronze alloy. The Gambey ten-inch theodolite was 
an old type of large and very cumbersome Instrument, but was capable 
of doing very good work. It was used only when the other instru- 
ments were unavailable.
The ordinary method of procedure in executing the triangu­
lation will now be described. The observer, with one man, arrived
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at the station in the morning as early as possible, to make use 
of the best atmospheric conditions which then existed. If the 
signal was a braced pole, it was taken down; if the ordinary tripod 
signal, the instrument was set up over the center mark without 
interfering with the adjustment of the signal tripod. In yielding 
soil, which includes almost any but frozen ground or rook, it was 
necessary to drive stakes upon which to set the instrument tripod.
A wind shield, usually a light canvas tarpaulin, was supported on 
the weather side of the signal, and a large umbrella sunshade was 
part of the usual equipment. This was held by the assistant.
After the instrument had been levelled up, using only the attached 
plate levels, the height of the telescope above the ground was 
measured and recorded. Then with the limb set to read zero a 
pointing was made upon any of those stations in the main scheme, 
which was to form one of the same figure with the occupied station. 
A series of six repetitions of the angle between this and the next 
adjacent station was then observed, the telescope reversed, and six 
repetitions observed on the explement of the angle. This process 
was repeated upon the succeeding angles until all the necessary 
stations had been observed upon, when the angle which closed the 
horizon was read in the same manner. After the first turning off 
of each angle the plates were read to the nearest ten seconds and 
i the single measurement recorded to aid in the computation. )<SvWhen 
the main angle observations as described had been concluded the 
observer computed the angles, and if the allowable horizon closure 
was exceeded, one or more of the angles was immediately measured 
again. If one of the required stations was obscured when the 
observations were being made it was omitted from the round and the
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horizon closure made without it. When the station was again 
occupied for this angle, it alone was measured in the usual manner 
and the horizon closed after taking the one angle. Then the 
value of the angle obtained from this measurement was taken for use 
in the computations,- the sum angle taken in the first set of 
observations in no case being considered or used. (See sample 
page.)
Intersection stations are those unoccupied stations 
which are located by the intersections of cuts taken at stations 
in the main scheme, by the method of directions. They may be 
suitable natural objects, or signals which have been built for 
topographic or hydrographic use. In the direction method of 
observation one station in the main scheme is pointed upon, for an 
initial direction. Cuts are then taken around the horizon in orde 
finally pointing again on the initial station and recording its 
direction . With the telescope reversed a second round is then 
made in the reverse direction , closing again on the initial point.
The horizontal angle observations at a station are com­
pleted by taking a third set of angles including pointings upon 
indefinite and temporary objects,for use in plotting positions of 
such on topographic and hydrographic sheets. A single round and 
horizon closure is recorded. The reference marks about the 
station are included in these pointings.
Vertical angles were observed by the method of double 
zenith distances, which is described in the General Instructions. 
All main scheme stations, important hydrographic signals, definite 
hills,and mountain tops,were included in these observations.
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If the triangulation is to he interpreted by a draftsman 
other than the triangulator himself it is of prime importance that 
good descriptions of intersection stations and topographic cuts, 
upon all hut artificial signals, he recorded,and that a single name 
he given each signal and point which is observed upon throughout 
the triangulation. When two or more triangulators work in the 
same scheme it is difficult to identify outs taken to distant or 
indefinite objects from the different stations. For these reasons 
it is best not to "cut in" everything in sight, and after a few 
stations have been occupied the valuable cuts may become recognizee 
and only these taken.
The operations described completed the work at one statior 
and were repeated through the scheme. A set of observations on 
a main angle including six direct and six reversed measurements 
takes about fifteen minutes under good conditions. The complete 
observations sometimes require eight or ten hours of steady work at 
a station.
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IV. HYDROGRAPHY.
Preparatory to taking up the hydrography,arrangements 
were made for tide observations. A staff about thirty feet long, 
made of two one by six inch boards,fifteen feet long,placed end to 
end, and graduated on one side to feet and tenths,was erected in 
the water on suitable supports for a tide gauge. A place was 
selected for the erection of the tide staff where the surface of the 
water was at all times level with that of the area to be surveyed, 
where shelter from storms was secured, and where a man could read 
the water level on the staff at frequent intervals. Two piles were 
driven close together about one hundred fifty meters off shore near 
the Clark Point Canneries and the tide staff was nailed upright to 
one of the piles, with its lower end well below the lowest expected 
level of the water. Three bench marks were established on shore 
and a level circuit run over the benches and connected with the 
staff. A man was stationed ashore andprovided with a glass with 
which to read the staff,and also with a boat in which he could go 
out and take his readings in case anything interfered with his 
work. Readings of the staff were taken during those hours when 
sounding was in progress, and the readings were made every twenty 
minutes,except during an hour before and after high and low waters, 
when ten minute readings were taken. Later an automatic tide gauge 
was mounted on the piles and did the work of the tide observer, who 
then attended to the gauge and kept it in working order. Briefly
the operation of the automatic tide gauge may be described as 
follows. A float rising and falling on the water,and enclosed in 
a vertical box,and a roll of paper operated by clock work,furnish 
a continuous record of the water level night and day. A series of
17
continuous observations during one synodic month furnisli^sufficient 
data from which to deduce a tital plane of reference, and to enable 
predictions of the times and heights of high and low waters to be 
made for future years.
An important matter in an estuary or tidal stream is the 
variation in the stage of the tide as one goes up stream. A varia­
tion of one half hour in the time of the high and low water's, and of 
one and seven-tenths feet in the range of tide,occurred in the ten 
miles from Clark Point to Dillingham.
After the triangulation stations in the upper part of the 
bay had been occupied,the hydrography was taken up, since the size 
of the party,and the equipment,permitted the carrying on of both 
kinds of work together. In this survey, the object of which was 
to produce a chart for navigators, the hydrography was the essential 
feature of the work. To discover navigable channels and to locate 
all dangers to navigation requires that closely spaced soundings be 
taken over the whole water area,and that each of the soundings be 
located as accurately as the scale of the chart to be published will 
permit.
The proper spacing of soundings is a matter of judgment 
and experience. The number of soundings required in a given area 
varies with the depth, being less as the depth increases;- in rocky 
bottom great care is necessary; in alluvial bottom where no currents 
exist comparatively great spaces may be used* while in river mouths, 
where channels are to be developed,very closely placed soundings 
must be made. Such a system should be used as will permit of the 
contouring of the bottom ,with a contour interval depending upon the
accuracy desired. For the smooth hydrographic sheets to be made
from this survey a two foot interval was desirable. The lines of
lines normal to the general trend of the shore suffice. The sound 
inge are taken along straight lines, spaced two or three hundred 
meters apart,for general inshore work where dangers are not indi­
cated. The positions of the soundings are determined by sextant 
angles,between signals ashore,observed at the place where the sound 
^ ing is taken.
the launch was used,- a method found to be most satisfactory for 
general inshore conditions.
A rough preliminary measurement of the base line, made by 
chaining along the ground when the line was located,was used as a 
base from which to compute the lines of the main scheme. The main 
triangulation stations on boat sheet number one (See sketch) were 
then plotted by distances,with a beam compass,using a scale of one 
to twenty thousand. This scale is the one ordinarily used for 
work of the kind herein described, and the boat sheet thus made was 
of a convenient working size. Duplex medium paper was used for 
all boat sheets. With a protractor,"cuts” were plotted from the 
main points, and enough hydrographic signals were located to start, 
the field work, three cuts intersecting in a point being required 
to locate each signal.
sextants, lead-line, three arm protractor, and olock^the launch 
party was ready for work^ The complete party included two
soundings are preferably run normal to these contours, however
In a large part of the hydrographic work of this survey
Equipped with boat sheet, sounding record, hydrographic
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observers, recorder, engineer, coxswain, leadsman, and leadsman's 
helper. The launch used was an open twenty-eight foot boat,with a 
deck about one foot wide along the sides,and decked over for about 
five feet at the bow and stern, to afford space for handling the 
anchor and carrying any necessary gear. The open body of the 
launch was divided into two cock pits, cf which the after one con­
tained the engine, and the forward one was occupied by the hydro- 
graphic party. A canvas canopy covered both cock pits to give 
protection from rain and wind. The coxswain stood in the bow at 
the wheel. Just behind him the plotting board extended across the 
cock pit, leaving about four feet aft for the chief of party and the 
recorder. The leadsman stood outside,on an extension from the 
plotting board on the starboard side;- the left angle man stood 
either in the cock pit or out on the port side. At the beginning 
of the work the launch was run inshore into about five feet of watei) 
at a place corresponding to a position near one corner of the boat 
sheet.
The chief and left angle man, both officers, then observed 
with their sextants, angles between certain signals designated by 
the chief, he measuring the "right angle", the assistant measuring 
the "left angle." The angles were marked by both observers at the 
word "MarkI" given by the chief. Each observer then read his 
| angle and called it out to the recorder,who recorded it in the 
! sounding record. Setting the angles on the protractor the chief 
then immediately plotted the position of the launch. The direction 
of the proposed sounding line being known, the chief directed the 
coxswain to select a range to assist him, with the compass, to main­
tain a straight line. A sounding was taken on the position,and
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the launch headed out on the line. At regular intervale of 
fifteen seconds the recorder called out, "SoundI" and the leadsman 
took a sounding, which was recorded opposite its time. On about 
the fourth sounding the chief and left angle man observed another 
position, marking the angle when the lead line was plumb in the 
water. This position plotted,verified the boat’s position, if on 
one side or the other of the predetermined line the coxswain was 
directed to correct his position gradually. The sounding was con­
tinued at regular intervals, the launch running continuously at a 
speed of about three or four knots. As the distance from shore in 
creased, and the deeper water was orossed, the sounding interval was 
increased to say one half minute,for a depth of six or seven fathomd, 
and for a depth of ten fathoms, to one minute. When shallower 
water was met the interval was shortened. When the opposite shore 
was approached as close in as practicable to take the launch, the 
line was ended, and a position about two hundred meters distant 
along shore was taken up, a new line was started and run back.
At the beginning and end of each days work the lead line used was 
measured^and any error in its marking recorded in the sounding record. 
The clocks were compared likewise with the ship’s chronometers.
The sextants used were frequently tested during the day and kept in 
adjustment.
This gives a general idea of the procedure in launch 
hydrography. The rise and fall of the tide, the bars and the mud 
flats, the three knot current running at half tide, and other cir­
cumstances^ all brought up problems that only experience could over­
come. The result of this method of work is a series of parallel 
sounding lines about two hundred meters apart,which are plotted on
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the boatsheet, a record of observed angles accurately locating 
positions at intervals of from one to three hundred meters along 
the line, and soundings spaced twenty-five to seventy-five meters 
apart between positions, these recorded with their time intervals 
with which to plot them along the line. The nature of bottom, 
remarks as to course, ect., were recorded in the sounding record, 
sample page of which is shown. The intervals and spaces given are 
fairly typical of the work done in Nushagak Bay.
In an average day’s work of nine hours, which includes 
the time of running several miles from the ship in the morning and 
back in the evening, there were from twenty-eight to thirty-one 
miles of line run, eight hundred to one thousand soundings taken, 
and two hundred to three hundred positions observed.
The ship was used for hydrography later in the season,when 
the triangulation and signal building were well along, and enough 
officers could be aboard to oonduct work. The areas chosen to 
develop with the ship were in water deep enough to avoid the danger 
of grounding, and the deeper water toward the mouth of the bay 
offered advantageous ground for ship work. The vessel ran lines 
up and down the channels,while the shoals between them were devel­
oped with the launch. The short lines and numerous turns required 
for cross ohannel development precluded the running of a system of 
cross lines with the ship, but the launch work was carried out into 
the channels far enough to overlap one line run by the ship. In 
operating with the ship the two observers and the recorder stood 
upon the navigating bridge,and the leadsman was in the sounding 
j chair,or "chains," just below the bridge, within two or three meters 
of the observers. A boatsheet was used and the work recorded
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precisely as in the launch work. A leadsman working on each side 
allows somewhat greater speed than one only. An average speed of 
four or five knots over the ground was maintained hy the ship. In 
case an indication of a rock is found,and smooth water and no cur­
rent exists, a email boat may be lowered,to sound over and around 
it. This may be done with a skiff,with one oarsman and two observ­
ers, using no boatsheet; or it may be done with a twenty-six foot 
whaleboat, often used in shoal work, where the boatsheet may be 
used,and the work carried out the same as in a launch,- four or 
five oarsmen pulling the boat.
|
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V. BASE MEASUREMENT.
Th© accurate measurement of the baseline was taken up 
late in July, since the frozen ground until that time would have 
prevented the driving of stakes. The four-inch theodolite was set 
up at South Base and used to line in the stakes,set every twenty- 
five meters along the line. Levels were then run over the line, 
and the elevations of the fifty meter stakes measured, as these were 
to mark the ends of the tape. A pole,with nails driven in the side
of it about one inch apart, was held at the intermediate stakes, to 
support the middle of the tape clear of the ground and at the grade 
of the ends. A fifteen kilogram pull on the tape end was used.
A spring balance tested before departure was used for this purpose. 
Two thermometers were used to record the temperature of the tape.
A double measurement of the line was made. The work was done in 
one day, and the measurements of the line, thirty-three hundred 
meters long, checked each other within the limit of error of not 
more than one part in one hundred thousand. (See form of record and 
computation).
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rVI. TRIANGLE COMPUTATIONS.
The computation of the main scheme of triangulation was 
now taken up, under the direction of the executive officer, while 
the chief of party attended to the general conduct of the field 
work, himself taking charge of the ship hydrography. By constantly 
having the country in view from the bridge of the ship,the ohief of 
party familiarized himself with all parts of the working grounds,and 
was able to more intelligently direct the work of the party.
The horizontal angle observations, as corrected in the 
record books for horizon closures,were entered in the List of Direc­
tions. (See form.) The triangles were numbered,and their three 
points set down in the forms (See form Computation of Triangles) in 
geographical order through the scheme, beginning at the base line.
The angles were then taken from the List of Directions and set down 
theincomputation forms after their station names. In the computa­
tion the metric system is used, only vertical elevations being com­
puted in feet. From a rough preliminary computation of the tri­
angle sides,the spherical excess for each triangle is computed.
The spherical excess for a triangle equals a-b-sine C x M, where 
a and b are two sides, C is the included angle, and M a quantity 
tabulated for different latitudes in the General Instructions. One- 
third of the computed excess is deducted from each angle of the 
j triangle. The standard of accuracy requires that the average clos­
ing error of a triangle shall be between four and five seconds after 
applying the spherical excess. A correction,to make the sum of the 
angles equal one hundred eighty degrees,is applied,and the resulting 
angles entered in the column "Plane Angles."
24.
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State: Kansas.
Station Chase Computed by A. T . M.
This form , properly filled out and 
checked, must | he furnished by field 
parties. To be Acceptable it must contain 
every directioh observed.
It is to be used for observations with  
repeating theodolites, as well as direction 
theodolites.
Start each new station at the head 
of a new column.
I f  a repeating theodolite is used, do 
not abstract the angles in tertiary tri­
angulation. The local adjustm ent cor­
rections (to close horizon only) are 
to be written in the Horizontal Angle  
Record, and the List of Directions is 
to be made from that record directly.
Choose as jin initial for Form  24a  
some station [involved in the local 
adjustment, anjd preferably one which 
has been used as an initial for a round 
of directions onj objects not in the main 
scheme. Use but one initial at a sta­
tion. Call the! direction of the initial 
0° 0 0 '0 0 ."  00, and by applying the cor­
rected angles to [this, fill in opposite each 
station its direction reckoned clockwise 
around the whole circumference regard­
less of the direction of graduation of the instrument. The clockwise reckoning is necessary for 
uniform ity andito make the directions comparable with azimuths.
I f  a station has been occupied eccentrically, reduce to the center and enter in this form, in ink, 
the resulting directions at the center. I f  the reduction is not made for some directions, they should 
be entered in peincil, with a footnote to that effect.
Directions ijn the main scheme should be entered to hundredths of seconds in primary triangula­
tion ; otherwise] to tenths only. Points observed upon but once, direct and reverse, should be carried 
to tenths in primary and secondary triangulation, and in tertiary triangulation to even seconds only. 
In general, but two uncertain figures should be given.
It is recommended that the following simple plan of observing be used with a repeating instru­
ment : Measure each single angle in the scheme at each station and the outside angle necessary to 
close the horizon. Measure no sum angles. Follow each measurement of every angle immediately 
by a measurement of its explement. Six repetitions are to constitute a measurement. The local 
adjustment will consist simply of the distribution of the error of closure of the horizon.
Observer A. T . M. Checked by A. R. L.
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trigonometric functions^taken from Shortrede’s Tables,- logarithms 
of numbers, representing distances, were taken from Vega, using six 
plaoes of logarithms. The value of the quadrilateral system of 
triangulation now becomes apparent. The computations proceeded 
as indicated in the computation form accompanying.
The mean of the two lengths of the line South Base - Nushagak was 
taken,upon completing the computation of the first quadrilateral, 
and set down at the top of triangle five,to proceed as before. It 
is to be noted that two separate computed lenghts of this line were 
obtained, each one through a separate chain of triangles. Simil- 
iarly,to start the computation of the third quadrilateral with 
triangle nine,the mean of the two computed lengths of the line 
Clark-Coffee was taken.
The whole system was computed in this manner, and the com­
putations ohecked. Experience has shown that a scheme which 
affords independent checks upon both field work and computations is 
a first essential to accurate control of surveys, and the use of 
simple triangles is ordinarily not permitted..
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VII. ASTRONOMICAL WORK.
By the middle of August the nights had "become dark enough 
to allow the astronomical work to he taken up. Latitude, longitude, 
and azimuth observations,were to be made. Special parties are 
usually assigned to the determination of these elements, as the 
nature of the astronomical observations required to deduce an accur­
ate geographical position,is such as to preclude its being made part 
of the ordinary season’s work of a general surveying party. Con­
sequently the methods used in this instance were such as the ordinary 
instruments carried were adapted to, and as would give the data suf­
ficient to complete the computations and construct the smooth sheets 
for the final plotting of the field work. Later^when the triangu­
lation has been connected with existing work based upon accurate 
astronomical observations?the adjustment can be made.
The astronomical station was chosen at signal Clark. A 
Berger seven-inch theodolite was used for latitude and azimuth 
observations. A party was put in camp near signal Clark,and a 
second party was put down at signal Coffee,to show an azimuth light 
for the observer. Coffee lies five miles N. N. W. of Clark. An 
instrument tent was put up beside signal Clark in which to store the 
instruments,-a theodolite, hack chronometer, sextant, artificial 
horizon, and bullseye lantern. The latitude observations were made 
on the first night. At the hour when polaris was near its culmina­
tion, as noted from the nautioal almanac,observations were commenced.
Especial care was taken in setting up the instrument/and large
stakes were driven for the tripod legs. With the instrument care­
fully adjusted?the telescope was pointed upon the pole star,and, 
when an accurate bisection was obtained,the time was noted by the
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recorder,at the word "Mark.” The level bubble on the vertioal 
circle was then brought to its center, and the two verniers of the 
circle were read. The telescope was then plunged,and the alidade 
reversed in azimuth,and a second observation recorded, the bubble 
again centered,and the second readings of the verniers made. Thus 
a double zenith distance was measured. Eleven sets of these 
observations gave results which varied only about fifteen seconds 
from the mean. (See latitude computation,^^, Bowditch,)
The procedure in the azimuth observations was similar to 
the measurement of the main angles by repetitions, the azimuth mark 
being one observed point, Polaris the other. A stride level,rest­
ing on the horizontal axis of the telescope^was used in this work, 
and the delicacy of this level largely affects the accuracy of an 
azimuth observed by this method. The divisions of its scale were 
numbered,and the position of the bubble recorded before and after 
each pointing upon the star, the level having been reversed after 
each reading. , At the instant when the star was upon the intersec­
tion of the crosshairs of the telescope,the time was noted to the 
nearest second on the chronometer. Several sets of six repetitions 
were made,and the resulting azimuths of the line varied from the 
mean by only three or four seconds. (See <31371, Bowditch,- compu­
tation. )
The longitude was determined from observations upon the 
sun, time sights, taken in the morning and afternoon when the sun 
was at an elevation of thirty to firty-five degrees. The instru­
ments used were,a navigating sextant with seven and a half inch limb 
reading to ten seconds of arc, an artificial horizon,consisting of a
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dish of mercury about four by six incheetcovered with a glass roof, 
and the hack chronometer used in the other work. The observer 
takes a position,with the artificial horizon between him and the 
sun, such that he can measure with the sextant, the angle between 
the real sun and its image in the mercury. The time is noted by 
the recorder at the instant that the angle is markedrand the angle 
then read off by the observer. A set of five observations is made 
as rapidly as possible, say in about five minutes, upon the sun's 
upper limb, then a second set upon the sun's lower limb. Equal 
altitudes, or observations taken in the morning and afternoon when 
the sun is at the same altitude,furnish data for more reliable and 
less tedious computations,as the refraotion is eliminated from the 
computations and the observations may both be combined in one compu­
tation. Equal altitudes may be observed by setting the
angles on the sextant in advance,and marking the time when the sun's 
images coincide. (See <18320 and 351, Bowditch.) A good sextant may 
be relied upon to give results consistent to fi\©or ten seconds of 
longitude, but the time is difficult to obtain accurately unless 
telegraphic communication is to be had with places of known longi- / 
tude. Only by using a large number, say twenty-five, chronometers, 
and comparing them frequently,can an accurate longitude be obtained.
With the latitude and the longitude of station Clark,and 
the azimuth of the line Clark to Coffee, determined,it was now possi­
ble to compute the position, or latitude and longitude, of every 
station in the scheme, and the azimuth of each of the lines. These 
, three elements were computed as shown in the accompanying form. 
Constants from Appendix No. 9, Report for 1894,were used in the 
computations, which are based upon the Clarkespheroid of 1866.
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All main scheme stations were oomputed in the field, also those 
secondary and intersection stations that might he of value in con­
structing the smooth sheets. For the last named stations the 
triangle computations were made by using a concluded angle at the 
station not occupied. (See form Position Computation.)
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VIII. TOPOGRAPHY.
Data was now at hand for the construction of topographic 
sheets, in the making of which.the value of the geographic positionc 
becomes apparent, for,-upon the sheets,all signals for which positior3 
have been computed, are plotted from their latitudes and longitudes, 
Whatman's N paper, mounted, in sheets thirty-one by fifty-three 
inches, is used for plane table sheets. Having decided upon the 
limits of the sheet, a projection is constructed upon it. This 
projection is made according to the method described in the Pro­
jection Tables, Special Publication No. 5. The usual scale for 
plane table sheets is 1:20000,and this scale was used in this sur­
vey. The parallels and meridians for each minute of latitude and 
longitude are drawn in fine pencil lines on the field sheet, and 
their ends,at the borders of the sheet,numbered with the minutes 
of latitude or longitude which they represent. After the projection 
has been verified by a person other than the one who made it, the 
stations which lie within the area covered by the sheet are plotted 
in their proper places. This is done by taking,from the project­
ion tables,the distances corresponding to the differences between 
the latitude and longitude of a station and the next even minute, 
and marking them off on the rectangle within which the station is 
to lie. The point is then located by the intersection of the lines 
drawn through these marks parallel to the meridians and parallels 
already shown on the sheet. A sheet constructed in this manner 
depends solely upon the accuracy of the projection for the accuracy 
of the plotting of each point. Further,a sheet bearing a project­
ion may be corrected for the warping and shrinking which always
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follows its use in the field,much more easily than one without.
Other advantages of a projection might he mentioned. When,however,
work must he undertaken without known geographic positions of sta­
tions, the sheet may he constructed from the triangle computations. 
This method was used on the work described. The topography here
was necessarily incidental to the other work,and owing to the fact 
that weather conditions were unreliable, it was considered advisable 
to make use of the good weather which occurred early in the season, 
for the plane table work. Thestations were plotted in order from
an initial point, using computed distances,and intersecting upon 
each point from three others,with the beam compass. Subsidiary 
stations were plotted by the intersections of cuts. With the 
plotted points verified a sheet was ready for the field.
The plane table party consisting of topographer, two rod- 
men, and a table man, and equipped with plane table,alidade,sheet, 
two stadia rods, and umbrella, puts off from the ship in a small- 
boat, which,during the work along the beach, may be sent back 
to the ship, or it may follow the topographic party along, as con­
ditions require. A common method of working,along shore^is that 
in which a traverse is carried along for a distance of about one- 
half a mile, then a three point position taken,and any error ad­
justed. However traverse methods may be used from signal to signal, 
or three point locations used altogether, as conditions require.
When the work lies in a bay where signals on the opposite shore are 
available, good three point locations can be had, while on an open 
beach ordinarily only traverse methods can bo used. The three 
point location used is the cut and try method described in the 
Plane Table Manual. In the traverse method one rodman is sent
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ahead about two hundred meters,and the other about four hundred 
meters, while the topographer is finishing his work at his station.
A distance is read to the first rodman,and his position is plotted 
on the sheet. A direction line is drawn to the more distant rod- 
man and the table is picked up and carried to the more distant point. 
From the setup at this point.the distance is then read back to the 
rod point half way between the new and old setups,and the new posi­
tion is plotted on its direction line. The table is then oriented 
by pointing on a flag which was left at the last position. The 
topography of the country within from one-half to one mile of the 
beach is worked on the sheet, but setups are rarsly taken back from 
the shore. All rooks and i3let3 above high water are located by the 
topographer, also whatever reef s, and beacons, buoys, etc., he may be 
able to locate. Three intersecting lines to any point are used in 
locating it, unless it can be rodded in. By a subdivision of the 
stadia intercept on the glass reticule of the telescope, distances 
of over one thousand meters may be measured with the stadia rod,with 
sufficient accuracy for the location of inaccessible points of 
topography inland. The high water line is drawn on the sheet in a 
full line. In flat country twenty foot contours are used, in 
mountainous regions fifty or one hundred foot contours are located. 
All streams which may be entered by boats are surveyed for one-half 
i a mile or more from their mouths. Elevations are determined by 
(Vertical angles, using a stride level on the telescope, and are com­
puted and placed in their proper positions. As the topographer works 
along he leaves behind him at favorable points, flags or other sig­
nals for use when on the opposite aide of the bay, or for the hydro- 
graphic party. Where the shore is bordered by mountains,and much
33
contouring is to be done,three miles of shoreline is a good day’s 
work when using a 1:20,000 scale, but along beaches backed by flat 
country, ten miles a day may be covered.
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IX. CURRENT MEASUREMENTS AND MAGNETICS.
Throughout the aeason^on days when the ship lay at anchor^ 
current observations were made. A current pole, about seven feet 
long, weighted at one end so that It floated upright, with about one 
foot out of water, was dropped over the stern, and the attached log- 
lino allowed to run out,and timed as it drifted with the current.
The direction of the pole after drifting for the proper time was 
observed by the compass. Observations were made at half-hour 
intervals, and a sextant position taken at the s t e m  of the vessel 
completed the necessary data for determining the set and drift of 
the current.
On days when weather conditions were favorable^magnetic 
observations were made. At several points on shore around the 
working grounds the magnetic declination was determined and the 
magnetic elements measured. This work occupied one officer and a 
recorder about three days in all. By ’swinging ship’, and noting 
the compass bearing of the sun with an azimuth circle attached to the 
standard compass on the ship’s bridge,with the vessel headed succes­
sively on all points of the compass,the declination was determined 
at positions off shore.
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X. CLOSING FIELD WORK.
During the last of the season the launch and ship were 
being used in hydrography, and two topographic parties were kept 
out on days when work could be done, thus utilizing the whole 
party. On rainy days, which earlier in the season had been spent 
aboard the ship making boat-sheets, computing the triangulation, 
and constructing topographic sheets, the party was now busied with 
the position computations and completing all field data.
A projection was constructed on a 1:100,000 scale covering 
the area embraced in the triangulation and the country to the north­
ward far enough to permit the plotting of the mountain peaks cut in 
during the triangulation,-(the area shown on the chart.) On this 
sheet the main scheme stations were placed,and th9 work of locating 
the mountain peaks carried out. These are important aids to ves- 
sols entering the bay,as the peaks are the first of the land that 
becomes visible to the navigator approaching from the south. The 
elevations of the mountains were computed from the vertical angle 
observations, and where possible sketch contours were drawn. It was 
necessary to construct the sheet while on the working grounds in 
order to properly locate the mountains from the cuts. Much careful 
observation with the glasses from all different parts of the bay
aided greatly in recognizing the peaks.
.
Toward the close of September the triangulation, which 
had been carried down to signals Pro and Etolin, was complete; the 
whole shore line of the bay had been covered by the topographic par­
ties; and the bay from its head^above William’s Island, down to the 
entrance, with the exception of the entrance to the Igushik River,
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had been sounded over. There were about three volumes of trian­
gulation records, five topographic sheets, about thirty volumes of 
sounding records, two or three tide books, besides a tide roll from 
the automatic tide gauge,--representing the results of the season's 
field work. Besides these there were several volumes of descrip­
tions of stations; the list of directions; the abstract of zenith 
distances,gotten up in a manner similiar to the list of directions; 
the triangle computations; the elevation computations; the position 
computations; and li3t of geographic positions.
Before leaving the working grounds,the boat-sheets were 
examined carefully to make sure that no necessary soundings had been 
omitted over critical points, such as the shallowest places in chan­
nels, etc. Check levels were run from the three tide staffs which 
had been used during the season to the bench marks adjacent to them. 
On September 20th the Explorer took her departure from the working 
grounds.
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XI. OFFICE WORK.
Preparatory to sending the results of the season’s work to 
Washington the party was occupied with office work on the tide and 
sounding records, and the hydrographic and topographic sheets. By 
taking the mean of the lower of the two daily low waters observed 
during one synodic month of about twenty-nine days, or a series of 
synodic months, a plane of reference for the soundings was estab­
lished. The reading on the tide staff corresponding to this plane 
of reference was computed, and after each reading recorded in the 
tide books,the reduction to the plane was entered,as shown in the 
form following. (See form of tide record.) From an analysis of 
the continuous observations, tide predictions are made by the Tide 
Division in Washington. These are contained in the tide tables 
published annually by the Survey. The high water interval, or time 
which elapses after the moon’s upper or lower meridian transit until 
the next high water; and the mean height of the higher of the two 
daily high waters; are shown in a table on the chart, for three local 
ities on the bay. The lowest tide is also shown.At the time of the 
occurrence of this tide,a high water height of about four feet above 
the heights given in the table occurs, giving an extreme range of 
about thirty feet.
After the reductions were made in the tide books,the cor­
rected heights,called "reducers," were entered in their proper col­
umns in the sounding records. The reducers were computed to the 
nearest tenths of feet. The sounding records were then all reduced, 
and these soundings showing the depth of water below the plane of 
the mean of the lower low waters, were entered in their proper col­
umn to the nearest foot. (See sounding record form following.)
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Corrections to eliminate error in the lead line, if any, were made 
simultaneously with tide reductions.
With the soundings all reduced the construction of the 
smooth hydrographic sheets was taken up. Whatman’s paper, the same 
as used for the plane table sheets, was used for this purpose. A 
projection was laid out on the sheet and the parallels and meridians 
drawn in fine ink lines. For the upper bay the sheets were con- 
struced on a 1:20,000 scale and for the lower part of the bay on a 
1:40,000 scale. The triangulation stations and those other stations 
for whioh positions had been computed were plotted from their lati­
tudes and departures, and the shoreline was transferred to the sheets 
from the corresponding plane table sheet. The positions from the 
sounding records were then plotted upon the sheets with a three arm 
protractor, and each position was numbered in ink with the number and 
letter given it in the sounding record. Then the reduced soundings 
were plotted in pencil in their proper positions on the pencil lines 
drawn between the adjacent positions. When all the soundings were 
plotted on a sheet, depth contours with a two foot interval were 
drawn. The symbols showing the nature of the bottom, as M, (mud);
S, (sand); Bu Cl, (blue clay), etc., were set down at frequent inter­
vals over the sheet. The smooth hydrographic sheet when completed 
may be compared to the chart. The greatest difference is in the 
number of soundings. On the chart only characteristic soundings are 
shown,- only a very small percentage of the soundings taken in 
Nushagak Bay are shown on the accompanying 1:150,000 scale chart.
The title and some other printed information shown on the chart does 
not appear on the smooth sheet, but a title is written on an attached 
sheet of paper together with a reference to the location of tide
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staffs and statistics of the amount of work shown on the sheet.
The work on the topographic sheets consisted in inking in 
the pencilled topography upon the sheet as it came from the field, 
the inking being done by the topographer who made the sheet. The 
symbols, lettering, and general instructions for preparing the sheets 
are given in the General Instructions and in the Plane Table Manual. 
The contours are drawn in red ink, all else in black. A list of 
points located with the plane table, with their latitudes and longi­
tudes as scaled from the sheet, and brief descriptions of each, to­
gether with a written title,accompanies each sheet. For each plane 
table and hydrographic sheet a written report is made. This report 
for a hydrographic sheet describes any peculiarities of tides or 
currents, useful landing places, shelters and anchorages for vessels, 
remarks upon weather conditions, if such were previously unknown, 
descriptions of ranges, and sailing directions, and other useful 
information. The report for a topographic sheet describes peculiar­
ities of the topography useful in navigating the adjacent waters, 
directions to villages, post offices, and stores where supplies may 
be obtained, etc.
Upon the completion of the office work the results of the 
season's work are forwarded to Washington. Where the risks in mail 
or other transportation are great,duplication of all records and 
sheet3 is required. Otherwise, only the sheets are duplicated.
This is done either by photography or by tracing. Original field 
records and smooth copies of computations, smooth sheets, and a 
season’s report written by the chief of party, form the material from 
which a chart is published. The Chart Division of the office is 
divided into five sections, the Drawing, Engraving, Printing,
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Photographing, and Eleotrotyping sections. "Each section does the 
work indicated by its title, and the combined results are shown on 
the charts published and issued by the Survey.”
The total cost of the survey of Nushagak Bay was about 
$25,000. The pay of the party for six months,which includes the 
time required for the voyage to and from the working grounds,and 
time spent on office work, amounted to about $18,000. The coat of 
coal and stores used covers the remainder.
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XII. CONCLUDING REMARKS.
The engineer who undertakes surveys involving operations 
similar to one or more of those herein described would find some 
variation from the methods given to be advisable. Triangulation 
would be planned without a view to its extension beyond the limits 
of the territory which it embraced, and the limit of error would 
have to be calculated according to the size of the scheme. An 
engineer’s transit reading to minutes, or half minutes, could be 
employed, and by using repetitions in sets of from three to twelve, 
a triangle closure of from thirty to ten seconds should be obtained. 
The triangle computations would be performed in the same manner as 
described above. In place of the position computation used in this 
case a computation of latitudes and departures, using a system of 
rectangular coordinates, would be advisable over areas not exceeding 
ten miles in greatest extent. Within areas of this size topographic 
sheets can be constructed using rectangular coordinates without 
appreciable error due to curvature. Over larger areas than this 
the publications referred to in the description above may be used , 
and the computations and sheets may be based on the spheroid. This 
necessitates the determination of a geographical position and an 
azimuth, for which the methods described should suffice. Longitude, 
however, should be determined by telegraphic time from a place of 
known longitude, if possible. For topography in rough country it 
is advisable to use a smaller board and lighter equipment than that 
used by the Survey. The outfit used by the Alaska Boundary Survey 
will probably be found to be an excellent equipment for work in rough 
country and where long packs are necessary.
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In hydrographic surveys made by engineers the method 
of determining the positions of soundings usually used is either by 
theodolite angles on the boat from two stations ashore, or by angles 
from one shore station on a boat running out a pre-established range. 
A good discussion of the sextant method used by the Coast Survey and 
described in this paper is to be found in the General Instructions.
An important advantage of this method over the others lies in the 
fact that every position affords a check upon itself. If the angles 
are not correct the position cannot ordinarily be plotted without 
noticing the error. The fact that this system permits the use of 
a boat-sheet is another important advantage. While the sextant 
method probably requires greater skill to obtain good results it is 
also probably much more rapid.

